Supplementary Figure 3.
Scheme of the discharging and charging process of the WO3 electrode. During the discharge process, pre-charged HxWO3 anode releases protons and electrons; the protons transport through the membrane electrolyte and the electrons pass through the external circuit, both of which reach the cathode, react with O2, and produce H2O. To charge the WO3 electrode, the O2 supply in the pristine cathode is switched to H2, and the WO3 electrode is purged with N2; constant current is then applied in the opposite direction to reduce WO3 to HxWO3. The cells were fabricated using method similar to that of the hybrid cells, which were conducted by sandwiching a membrane (without a catalyst coating) between a WO3 composite electrode and a prefabricated GDL, and then hot-pressed together at 130 º C under 0.1 MPa for 1 min.
Supplementary Figure 4.
Galvanostatic charge curve of the WO3 electrode in MEA with 100 mL min -1 N2 and H2 fed to the anode and cathode, respectively.
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Supplementary Figure 5 . Galvanostatic discharge curves of a WO3 electrode discharged at different current densities with 100 mL min -1 N2 and O2 fed to the anode and cathode, respectively. Specific capacities of 33.2, 31.5, 28.5, and 25.6 mAh g -1 are obtained at a current density of 1.1, 2.75, 11, and 22 A g 
Supplementary Figure 12.
OCV of the control cell and hybrid cell in response to intrusion of air prior to start-up testing. The cells were purged with N2 for 10 s to remove most hydrogen in the anode compartments, leading to a significant OCV drop of the control cell. For the hybrid cell, the pre-charged WO3/CNTs layer maintains the potential of anode close to 0.0 V vs. RHE, resulting in minimal change of the OCV. After air injection (1 mL at room temperature), the oxygen consumes the remaining hydrogen in the anode of the control cell and raises the anode potential, subsequently decreasing the OCV. For the hybrid cell, the anode potential experiences insignificant change, since the WO3/CNTs layer effectively scavengers the oxygen; as a result, only a slight decrease of OCV is observed. -5.37 10 -7.6 10 +2.8 10 +4 10 
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